to test whether ethnic differences exist over different quantiles of NIHSS (5 percentile increments). Crude models examined the interaction between age category and ethnicity; models were then adjusted for history of stroke/transient ischemic attack, hypertension, atrial fibrillation, coronary artery disease, and diabetes. Results were adjusted for multiple comparisons. Results: There were 4,366 ischemic strokes, with median age 72 (IQR: 61-81), 55% MA, and median NIHSS of 4 (IQR: 2-8). MAs were younger, more likely to have a history of hypertension and diabetes, but less likely to have atrial fibrillation compared to NHWs. In the crude model, the ethnicity-age interaction was not statistically significant. After adjustment, the ethnicity-age interaction became significant at the 85th and 95th percentiles of NIHSS distribution. MAs in the younger age category (45-59) were significantly less severe by 3 and 6 points on the initial NIHSS than NHWs, at the 85th and 95th percentiles, respectively. However, in the older age category (75+), there was a reversal of this pattern; MAs had more severe strokes than NHWs by about 2 points, though not reaching statistical significance. Conclusions: There was no overall ethnic difference in stroke severity by age in our crude model. However, several potentially important ethnic differences among individuals with the most severe strokes were seen in younger Key Words Ethnicity · Severity · Ischemic stroke · Incidence · Population-based · NIHSS Abstract Background: A wide variety of racial and ethnic disparities in stroke epidemiology and treatment have been reported. Race-ethnic differences in initial stroke severity may be one important determinant of differences in the outcome after stroke. The overall goal of this study was to move beyond ethnic comparisons in the mean or median severity, and instead investigate ethnic differences in the entire distribution of initial stroke severity. Additionally, we investigated whether age modifies the relationship between ethnicity and initial stroke severity as this may be an important determinant of racial differences in the outcome after stroke. Methods: Ischemic stroke cases were identified from the populationbased Brain Attack Surveillance in Corpus Christi (BASIC) project. National Institutes of Health Stroke Scale (NIHSS) was determined from the medical record or abstracted from the chart. Ethnicity was reported as Mexican American (MA) or non-Hispanic white (NHW). Quantile regression was used to model the distribution of NIHSS score by age category and older stroke patients that were not explained by traditional risk factors. Age should be considered in future studies when looking at the complex distributional relationship between ethnicity and stroke severity.
Introduction
A wide variety of racial and ethnic disparities in stroke epidemiology and treatment have been reported [1, 2] . Race-ethnic differences in initial stroke severity may be one important determinant of racial differences in the outcome after stroke. Previous studies have suggested possible black-white differences in stroke severity, with blacks having more severe strokes than whites [3, 4] , but few studies have specifically investigated differences between Mexican Americans (MA) and non-Hispanic whites (NHW). Prior work has suggested no difference in initial stroke severity between MAs and NHWs [5] ; however, severity was not the main outcome of interest and this analysis used a simple rank-sum test that may not capture more complex relationships between ethnicity and severity. Other analysis techniques, such as quantile regression, would allow for investigation of ethnic differences on the distribution of severity rather than simply assessing for differences at the mean or median [6] . Quantile regression has been useful in studies of gender differences in thrombolytic therapy for acute myocardial infarction [7] and racial disparities in medication nonadherence [8] , both reporting differences that would not have been detected otherwise.
There are several reasons to suspect that complex differences in the distribution of initial stroke severity between MAs and NHWs may be present and benefit from the use of quantile regression. Initial stroke severity, as measured by the National Institutes of Health Stroke Scale (NIHSS) score, is not normally distributed and often skewed. Quantile regression allows for the investigation of potentially heterogeneous effects of ethnicity across the entire range of severity without forcing any assumptions about the distribution of NIHSS. Furthermore, ethnic differences in stroke risk factors might also contribute to differences in severity, with MAs more likely to have diabetes [5, 9] , and NHWs more likely to have atrial fibrillation (Afib) [5, 10] . Afib tends to be associated with more severe strokes, which may contribute to an ethnic disparity [11, 12] . Moreover, age at stroke differs by ethnicity, with MAs generally younger than NHWs [13] . Since stroke severity tends to increase with age, this may also influence ethnic differences in initial stroke severity [14] [15] [16] .
The overall goal of this study was to move beyond ethnic comparisons in the mean or median severity, and instead investigate ethnic differences in the entire distribution of initial stroke severity. Additionally, we investigated whether age modifies the relationship between ethnicity and initial stroke severity and whether ethnic differences in stroke risk factors accounted for ethnic differences in initial stroke severity.
Methods

Study Population
Ischemic strokes were identified from the Brain Attack Surveillance in Corpus Christi (BASIC) project between January 1, 2000 and December 31, 2011. BASIC is an ongoing population-based stroke surveillance study in Nueces County, Texas. Nueces County is located on the Gulf Coast, geographically isolated from the larger cities in southeast Texas, being approximately 150 miles from Houston and San Antonio making complete case capture for stroke possible. Approximately, 340,000 people live in Nueces County with the majority of the population (95%) residing in the urban city of Corpus Christi. Based on the 2010 Census, 61% of the population is MA and 33% is NHW [17] . The methodology of BASIC has been previously described [18] . Briefly, trained abstractors screened ischemic stroke cases from seven hospitals in the county. Out-of-hospital surveillance was included from other sources (emergency departments, neurology offices, nursing homes, office of the medical examiner) at varying times as described previously [18] . Stroke was defined as a focal neurologic deficit of acute onset specifically attributable to cerebrovascular distribution lasting longer than 24 h. Per the BASIC protocol, patients were excluded if they were younger than 45 years, lived outside of Nueces County, or if their strokes were traumatic. We only included an individual's first ischemic stroke during the study time period; this event may have been an incident or recurrent event for the individual. Race/ethnicity was ascertained from the medical record and has been demonstrated to have a 97% agreement with self-report in the study community (kappa = 0.94) [19] . Initial stroke severity was retrospectively calculated with the NIHSS score from data abstracted from the medical record in accordance with a validated method [20] or directly abstracted. Additional information collected from medical records included demographics, history of stroke or transient ischemic attack, traditional stroke risk factors, such as history of stroke/transient ischemic attack (TIA), diabetes, hypertension, Afib, high cholesterol, and heart disease. The BASIC project was approved by the University of Michigan Institutional Review Board and each of the Nueces County hospitals.
Statistical Methods
Descriptive statistics were calculated both overall and by ethnicity. Categorical variables were compared using chi-square tests and continuous variables were compared using non-parametric Kruskal-Wallis tests. Distributions of NIHSS were examined visu-ally using density plots by ethnicity both overall and by age category (45-59, 60-74, 75+). Quantile regression was used to model the distribution of NIHSS by age category to test whether ethnic differences exist over different quantiles of NIHSS (5 percentile increments). Quantile regression models the conditional percentile of the outcome as a linear function of individual characteristics allowing for the ability to estimate quantile-specific effects at both the median of the distribution as well as any other point through the tails [21, 22] . This can be thought of as the comparison between the two ethnic groups at a specific point on the distribution, rather than the mean of the distribution as is the case in linear regression. By doing these comparisons across the distribution of initial stroke severity, we can assess where any ethnic differences may occur. Overall quantile regression models were first run to examine the overall relationship between NIHSS and MA ethnicity adjusting for age category. Next, we included an interaction term between MA and age category in the model to examine whether the effect of MA ethnicity varied by age category. Finally, we additionally adjusted for risk factors (history of stroke/TIA, hypertension, Afib, coronary artery disease, and diabetes). Due to multiple hypothesis testing for the interaction effects of MA and age category across 19 quantiles of NIHSS (5-95%), we adjusted the Type I error rate using an established step-down procedure [23] . All analyses were conducted using the quantreg package of the R statistical package [24] , version 3.0.1.
Sensitivity Analysis
To investigate the role of NIHSS score calculation method (medical chart or abstractor calculated) in confounding of the ethnicity-age interaction, we created a dummy variable for abstractor calculated NIHSS as well as interactions between the abstractor calculated dummy variable and the age category terms. The crude and adjusted models were then replicated including these terms.
Results
There were 4,366 ischemic strokes identified during the study period (1,954 NHW and 2,412 MA). The median age was 72 years (interquartile range (IQR): 61-81) and median NIHSS score was 4 (IQR: 2-8). MAs were younger, were more likely to have a history of hypertension and diabetes, but were less likely to have Afib compared to NHWs ( table 1 ). MAs and NHWs were similar in terms of prevalence of prior stroke or TIA, coronary artery disease, and high cholesterol.
Visual examination of the overall distribution of NIHSS score demonstrated similar distributions by ethnicity ( fig. 1 a) . Quantile regression demonstrated that there were slight overall differences in the distribution of initial stroke severity by ethnicity in the age category adjusted model; the median of the NIHSS was one point higher among MAs ( fig. 1 b) . These differences were more pronounced within certain age categories. Figure 2 displays the NIHSS distributions by age categories and ethnicity, demonstrating that the distribution of severity was slightly different between ethnicities in the youngest and oldest age groups. When we included the interaction between MA ethnicity and age category in the quantile regression model, the interaction was not statistically significant. We did, however, observe differences in the relationship between ethnicity and NIHSS within some age categories. In the younger (45-59) age category, the 25th and 40th percentiles of NIHSS distribution were one point higher among MAs vs.
NHW, but the 95th percentile was six points lower ( fig. 3 ).
In the older (75+) age category, the 30th, 40th, and 50th percentiles of NIHSS distribution were one point higher among MAs compared to NHWs. No severity differences were seen in the 60-74 age category. After adjusting for potential confounders (history of stroke/TIA, hypertension, Afib, coronary artery disease, and diabetes), the interaction effects between ethnicity and age category became significant at the 85th and 95th percentiles of NIHSS distribution ( fig. 4 ). In the younger age category (45-59), the 85th and 95th percentiles of the NIHSS distribution among MAs were significantly lower than NHWs by 3 points (85th) and 6 points (95th). However, in the older age category (75+), there was a reversal of this pattern, with strokes in MAs being more severe than NHWs by about 2 points, though not significantly. Similar trends could be seen at the lower quantiles after adjusting for potential confounders, but the pattern of older MAs having more severe strokes at the higher quantiles became more apparent at the 85th percentile. The results were largely unchanged in the sensitivity analysis incorporating adjustment for confounding by the NIHSS score calculation method. The ethnicity-age interaction in the adjusted models remained significant at the 95th percentile, with MAs being less severe by 6 points compared to NHWs in the younger age category. The ethnicity-age interaction was not significant at any other quantile. 
Discussion
We observed little overall ethnic difference in initial stroke severity in our age-adjusted model; the median NIHSS score among MAs was only one point higher compared to NHWs. Ethnic differences within the age categories, however, were more apparent. Differences were only seen in the 85th and 95th percentiles of the NIHSS distribution (NIHSS ≥ 8-12, depending on age). Among the most severe strokes in the youngest age group (45-59 years), MAs had three to six points lower NIHSS scores compared to NHWs. However, at older ages (75+) among the most severe strokes, MAs had two point higher NIHSS scores compared to NHWs.
The implications of severity differences between MAs and NHWs are potentially important for patient care both during the hospitalization and after discharge. Ethnic differences in severity could lead to greater susceptibility to certain complications such as deep vein thrombosis [25] and pneumonia [26] . Severity differences may also impact the burden on stroke family caregivers. MAs tend to prefer family home care/informal care rather than nursing home/formal care [27, 28] , which could lead to more burden on MA family caregivers given the greater severity seen in older MAs [29] .
At younger ages, we found that MAs tended to have less severe stroke compared to NHWs. This might suggest that younger MAs would be expected to have less poststroke disability than NHWs. However, previous studies have found that minorities are less likely than NHWs to return to work after stroke [30] and MAs have worse 90-day neurologic, functional and cognitive outcomes [31] . While these studies were not restricted to younger ages, factors beyond the severity of stroke among younger MAs may be responsible for ethnic differences in post-stroke disability and return to work. Further research is needed to better understand the factors in addition to initial stroke severity that may lead to less return to work in younger MAs in order to develop interventions to improve stroke outcomes.
The reasons why younger MAs tend to have less severe stroke than NHWs at the upper quantiles of NIHSS are unclear. However, the ethnic difference is unlikely due to differences in risk factors. In the youngest age group, MAs had lower prevalence of Afib, but had much higher prevalence of both diabetes and hypertension compared to NHWs. Since these risk factors were adjusted for in the models, it is unlikely that they alone are the reason for the disparity. Work from the Greater Cincinnati/Northern Kentucky region has suggested that socioeconomic status contributes to initial stroke severity, with individuals residing in communities of lower SES having greater initial NIHSS compared with those residing in higher SES communities [32] . However, this finding would not seem to explain why MAs have less severe strokes at younger ages at the highest quantiles. Additional research is needed to better understand these differences.
Understanding how severity differs by race and ethnicity has important implications for future research. The existence of a complex relationship between ethnicity and severity suggests that analyses that compare only the median distribution of NIHSS (such as a standard Wilcoxon Rank sum test) may miss important race or ethnic differences in severity. It is important to note that this concern exists primarily when stroke severity is the outcome of interest. However, analyses where NIHSS is a covariate or potential confounder, such as when modeling mortality outcomes, could still be affected by the complex distributional relationship in that incorrect modeling of NIHSS could lead to residual confounding of the exposure effect of interest [33] .
The distribution of NIHSS score in our study was similar to other population-based studies. Reeves et al. reported an overall median of 3 with IQR of 1 to 7 [4] , which was only slightly lower than our reported 4 (2-8). The Northern Manhattan Study reported that more than 50% of ischemic stroke cases had an NIHSS score less than 5 and about 90% less than 13 [34] , compared to 90% of our strokes having an NIHSS score of less than 15. This similarity suggests that the associations we found were unlikely to be due to a unique distribution of severity in this community, though it is unknown if similar ethnic differences in severity would be seen in other populations.
Adjustment for known stroke risk factors did not eliminate the ethnic differences in NIHSS, and in fact, the ethnicity-age interaction became significant after adjustment among the most severe strokes. We hypothesized a priori that certain stroke risk factors, in particular Afib and diabetes, might confound the relationship between ethnicity and severity. However, our findings were persistent despite adjusting for these and other risk factors, suggesting that the relationship between severity, ethnicity, and age is not explained by ethnic differences in stroke risk factors.
Our analysis does have limitations. The clinical significance of some of the observed differences may be unclear (e.g., 1-2 points on the NIHSS); however, larger differences were observed in the younger age groups. Despite adjustment for confounders, residual confounding may still exist. For example, while we considered known stroke risk factors, we were not able to adjust for risk fac-tor control or certain social or psychological factors such as living alone or dementia, that may be associated with stroke severity [11] , and could differ by ethnicity. Additionally, we did not adjust for stroke subtype as we did not have this available for all cases, but we previously did not see ethnic differences in subtype in our population [35] . There could be misclassification of both NIHSS and ethnicity, and the calculation method of NIHSS could influence the results of our analysis; however, our sensitivity analysis found that our results were robust to adjustment of NIHSS score calculation method. The differences we observed in our study population may not translate to other populations with different age and ethnic distributions.
In summary, stroke severity was generally similar between MAs and NHWs, though there were some potentially important ethnic differences among individuals with the most severe strokes. However, these potential ethnic differences in stroke severity were identified in some, but not in all age categories and were not explained by the presence of stroke risk factors alone. Future studies should consider the complex relationship between stroke severity, age, and ethnicity when modeling NIHSS.
